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PROBLEM TO BE SOLVED: To provide a protective 
apparatus of a PWM cycloconverter which does not 
output a surge voltage and an overcurrent on the output 
side when the PWM cycloconverter is cut off, and its 
protecting method. 

SOLUTION: This protective apparatus of a PWM 
cycloconverter comprises a failure detecting means 30 
detecting a failure of a PWM cycloconverter, an 
operation stopping means 25 turning off at least a part 
of single direction semiconductor switches 3-20 of the 
cycloconverter when a failure signal is generated, a 
continuous current applying means which makes a load 
current of the cycloconverter continuously flow when 
the output phase of at least a part of the 
cycloconvereter is opened, and a protective switching 
means 50 turning on and off the single direction 
semiconductor switches of the cycloconverter on the 
basis of the failure signal outputted from the failure 
detecting means. 
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m^m 1 ] Bm^MmmcD^m tu (muz &l±(d 

mmPViMV-^^tiay^^'^'$i(D'P^< t^-^(D&i] 
ffi*^MSt i: * o T t MIB P WM-9--r ^ p a ^-^ 

SB P WM-9-'< ^ P 3 ©tulBM-T? iBlif^^frX-f -y 

i-^^y:tyr^ct\ci:-^r. mmn^mmb'^mmp 

tr^ pyNW^^^uay^x-^coUB^So 

[m^mzi mmum7.^yi'yi^^mi3\ 

^tB^Si:, tutBX:^mif^tc»-^i/^TMIStii;':# 

ti)^^rji?,ctmmtt?>m7^mumm<opviM^ 
m^msi wmum7.-(^yi-yir^m\ mea* 

«otuiB^t:^[R)¥^ftXd'-yf-©!^*< t^-^^:tyr 
HuiBiHi^7.-r y^y^^mtmmm:^^ -y ^v^^s 
*!|tiSi:-rsti^a 1 icmm.(DpyNu^-f ^may^^- 

Cll^«4] K[SPWM-9--f^n3>/^-^5tcD«gSil 
HifflA:^«ffii:t. tOfB=fflA:bmE<^);*c/hM^*^!|9|Bf 

^m^mt. BUfBPWM-9-'('^^P3>A-^<7)S«'t' 

feJ;tf>i»T*li:. BaiBA:^«ff1S«ltS-:3i/^T. Mtaai 
:^=&ffljb^e>S(IIB=fflA*«E0*t^;^«ffi:;S:SA:^ 
ffl'\<OKilBK-;^|pJ^|i^ttX-i' -y ^ i;tr|l3=fflA;^«fiE<^) 
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mmmo 

y^xm^m^-r^mtimmsx^^pviM 

10 ■9--i'^'P3>'^^-^f©^M:^afctev^T. 

BulB P WM-9--I' ^ P 3 V/^-^f ©fiSt^^^ 

mmm$-mm'^n^hrc^mm p ^p 3 y/^- 

t{tSPWM'9-l'^P3>'/^-^£0^!>*< tt-a5®ffl^J 
mifmW. i: o T t MfB P WM1J--1' ^ n 3 ©ft 

iBPWM-y-'r ^^P3y/'5-^©H0iB>T-73iqi¥^f*x-r -y 

wM-y-'Y p 3 y/^-^ LTHuE=lS3:s^«Ji'N 
«t Li^iJ S c: ii^tf^Sfc-r 5 P WM1f ^P 3 >'A-^ 

[ii^fl 6 ] B5IB=&^I^a¥^f*X-l' «y ^(DXtimco 

MfaA:^J«ffi1S«^^:S•:5^/^T^^isB^^l:^^^§3b^P.|^^fBHti 
A:^«ff ©tftca;*;!!^ i: § A^'JtB'N^HulBM-;^ [^^ 
30 ^f^X-Y-y^^ $fc{iti}fBHfflA:'D«BE©4'ti:«/h«ffi 
i::&^A;'3ffl*^5.tii;>3#ffl'\©HulBit?JlRl¥*i*X'r 7 
^;^tt%;i-:y-r5 e: fc^lf at-r«S««^ 5 tc|B«© P 
WM^'T p 3 'C-^ (DUWJ'^o 

[^ij^^ftx-r ♦y^^it^^^'-rsm^X'T 7^>^¥a 

[^^^8] tuiaPWM-9--f'^P3y/^-^f©«S7j 

x^mm.^Ktims.mmthxiikmh. 

tSIB P WM-9--(' ^ P 3 y;^-^ ©aite't'fe i tfii»r* 
50 |ftl3A:^«ffiffi!fcS-:5i/>Ts tOfiato:t§IB*^e.W 
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[0 0 0 1] 
[0002] 

[tJe*<DS$e] tJe3l5©PWM^J-'C^'Pa://^-^'<Dtfi:^ 
fflfjC>-9--^:^1tJE^9iSiJ-r S^SlHlSS^H 8 fc^-To 0 8 

fpn^ 1 «H*i3Sj?smiii, 1 0 0 imn<o ? wM-tt-f ^ 

xnay/'^-^. 2 1 {i=*i^}i^J«li«l. 1 1 otiHiiSx 
•t/^msSs 1 zoiitbti^m^. 1 1 K 112. 1 

2 1 liHfflSiiK^y -yS^. 1 1 3> 1 2 2 t±it73 («J^» 

i*x-r7^(n-;^fR)x-r'y^i:BS-r)> i 1 4. i i sti 
mi. 1 1 6tt3Vry-9-. 1 1 7ims.^mm&is i 

pgr) A^^^Lfc^x pwM'it-r^pay/^-^owj^ 

^t. PWM-9--i'^P3>'/^-^f<offi*ffllt:A:^*-9— 

HtBIIM:^y >ys^l 1 z^m^hxayTy^ 1 i 6Jc 
igi 1 TtinyxV+M 1 6©«EW;l'^«iaiUT. 

v=f-\ 1 S^^^^yLTraVxy-y-l 1 6%S(m^€So 

c9;T-^ri^:^-r'y^'&#SI5:i-7-rSo cn*>?.-^cDKia 
(A t tPis-r)^fcM-:^riRix-r'y^i 2 2%:i-vrSo a so 
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t mm%7<^^y^myn'm>^\,'^\t-^mf^i^K>^ 

v^ii i:, miSf«m A t (OF^fcHffig^S:/iJ -y 5^ 1 12 
^SSurnyxyy-i 1 etc^n^t. Yx-n^7.^-j 
=f- 1 2 2A^^yi:=&-5)!)^5.HifaSiiS7'; -yi^l 2 1 i:jt 

:)5-i«oX'r'y^ 1 2 2^saLTJiSniK</^T-ifpST?ii 

So 

[0 00 3] 

M-9--l'^'P3y/^-^'<7)^H;^aT-{i, aStf'tOi-Tjl^ 
X^>y^l 2 2^;tyLTHJ:tlHffi^5V>S8Fa (0IJ^ 

oti)il»T©^it75-f^X-i''y^A^±g|5^7i::& 
(?fr73[p]X-r-y^ 1 2 2*^:tyi:*S*T'At©F^T*a6 

%4-rScDlc. Jt'^iKf^^T'Jiirl-S^^ti^^SWME* 

t LTtD!i«!X-t/'?(753 y xy^t^jl*^A 1 1/^ ^ m 

«Ejb<SJRy?.':f/^<03Vx>-9-l 1 6fc<fc^T®iR? 

mx-^-z^Oay^yy-l l etcrHS-pTi/^sm:': 
*^lHl^T-*ftt/''i;v^5P^Stfe-pfco ^-ciTN *%B^{i 

p wM-y-'i' ^ P n *)i»fr s^fcm*ffiifc-9— 

^^7.:^M©ayxy^?•^S«^^SSM^^ < P W 

-rscii^ge^t-rso 

[0004] 

7^fSlit£^{4;7.-r -y ^TlS«g^M-rS«:t)g?^TfeS P 
WM•9■-l'^'P3^^>''5-^©«aS«{c:fe^,^T^ buIBPW 

mmmmmm^\^rtL^. tuiBPWM^^-^'^pn://^ 

7-rsSK#ih#S4:. Mi5PWM-9-^'^pny/'^-^ 

<D'>ft < fe -gp® ai:f3*i*TO i; ft o T t MfB P WM 

TMia p wM-9-1' ^ P 3 y)^-^(mwi^iimmf-7. 
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E P WM-9--Y ^ D 3 V/^-^ LTtuiBHffl3S»ii« 

SulB P ^ p 3 VA-^ toag^ffe J: XSmSi^ 

I5=ffi A:'3«E©ff \z.WckMS. i: * 5 A:'3*S'\tOMlB>i- 
>y ^ i:Buf2HfiA^J«E<04'tca/jN«ff 

M (Mti 2 Jli(±oSfc)ffltii;^j(D«;b^M§©#ffl i: ^« 

Ta&S P WM'i?--)' 1^ D n ://^-^ t fel^T, 

{f #3b^^4 Lfc e. HuI3 P WM^t-r D 3 y/^-^ cD'>^ 

< ^ t -^(Dnm^y5\Pi^mw7.-( -y ^^^a- 7 tuia 

P3Sci:^orfcMf2PWM+l--('^a:3V'''?-:5f<Dm?nf« 40 

^^cm•rS\,^xmU P WMIJ-'f i> p n yf%~^ ©Mf2>T-7^ 

A^HU f 2 PWM-9--('^Pay-'^-^f:&iiiSLTti][|2 

fc. |g*«6©5SWttMf2§^:^[S]i|i»#:^-i'>y^<^A 
^jffl!l<DHj^^<?)ttffi%HfflA:^«Ei:L. tuEHffiA;'? 

«^tiiU> MI3A:^€ffi1t«lta-^i/^Ttfrl2UJ*#ffift^& 
«(ii2HffiA±;fflE©4'l<:S:^«Ei:*5A:^ffl'\®MfB 50 



IfgSZOOO-l 3 9 07 6 
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g/h«£Ei:*SA;':ffl*^e.tB;b#ffl'\©tul2M-^|o]4i^ 

fc. ll*«7<0^qg{iBul2A*«ff1t®t«-:5i'^TMI2 
tli*#ffl*^^i9IB=ffiA:ti«S<D4'fcS:*:mEi:a5A 
;^*g'\cDHul2it7?lBl*«(*X-(' *fc{i|i}f2HfflA 

^^Si:. tijf2Hffl3S»fi«iIg«Oftm«0-tSi;Hua2Hi:bO 
#IBi;©r^©t9iBfr:^[6l*W^t:X't' 7 ^cD'>:& < t>- 
dlcLfcfeO-casSo $fc, il*«80%Witui2PW 

I^#^f$7.-r -y ^(DA*iffi!)<DHi^?<0«BE*HfflA;'3« 
Ei:L. ^Sf2HtiA*«ff©:«c/J^M^*^¥•J»f•P€Si»Si 

%A:'3«E1f?8J:LT^mL. tuSPWM^^-^^'any 

/^-^<Date^^fe<^;tfJI^lfff^c^ Bui2A:^«ff«iits 

'\<DBul2>t??[Rl¥«#:X'r yi-t^mctyt^i:vlc 
[0 0 0 5] 

a-^V>TSiWr«o 0 1 1 ©PWM-9- 

^-^/pnyA-^tDffi^Cfiaj 1 T'{iffi^M= 3)^5^1-7" 
P -y ^'@fig0T'SSo 0 1 1 «H|B5SJ?iim 2 

l,t^m'7'<yy^l'^^. ei. 62, 6 3fiU7^h 
;K 6 4, 6 5, 6 6iiziyfy^X'^^o 3, 4, 
5, 6, 7, 8> 9, 1 0, 1 1 , 1 2. 1 3, 1 4, 
15, 16, 17, 18, 19, 2 0l,iWMtl^--^\Pir£ 

y5\^X^yi^tV&-r)X\ ^n-rnSru, Sur, Ssu, s 
us, Stu, Sut, Srv, Svr, Ssv, Svs, Stv, Sv 
t, Srw, Swr, Ssw, Sws, Stw, SnXBto 
^T-^^fRlX-r-y^timif I GBT^MOS-FET^i! 
•e^So Sxy(i:A:^©xtiJb^&tb*©y*g'\, Syximf}(0 
yfflA^?)A:'3®xffi'\©it7?I^iIX-l''y^(x=r, s, t; y= 
u, V, w)TS§o 2 n±Hffi3S?t«lil^, 2 2{i«?g« 

ffi^tbiHi8S, 2 3 {iay h 2 4 

^gp, 2 5{i'!r-h K7-rv^, 3 OtiA;^lttEtf«i^tb 

gi5, <i<DA:^3mEifffi«iaaP3o»#K-;er(^x-r'y^<D 

x±m(o^'?(DmEixtinEtmt)^xtiLx. = 

fflA:^«E©:^/jNM^<Dlf^(A:^«E1fl8tliiSt);S:{t 

fiicLTai:b-rso -5 onumy-hm^^^x-^Zo 

[0 0 0 6] 01 (DmWMS.^liim^2 2 fittlSttE* 
A;^tT«S«E©fflfflfc«ilS«ffi<omffl^tB:':-r 
3yhP-^2 3{±Hi±)fliE}|^i:«illttffi®&ffl 

i:m2gttff®P^i:ai^«3!iE&i^J;t) 1 8ffli<?)fr7^l^g 

X-<'y^<^y— h^^Clxy, Clyx(x=r, s, t; y=u, v. 



yt^^ Clxy=li:U Sxy*;t7-r^^ Clxy=Oi:U S 
yx^^yt^^ Clyx=l^:L^ Syx^tyt^^ Glyx=0 
i:t*S(x=r^ s^ t; y=u^ v^ w)o 

[ 0 0 0 7 ] 0 2 itxijWBmw^m 3 0 (om^mx^ 

35^„ 02tf^^3 K 32, 33s 34, 35, 36 

1, 4 2{i^^'t';i--F, 4 3^7* h;??:/'^, 4 4 fig 
4 5l±ttl:^i^^, Vcc(iiti!ii«?gOiE@T'fe?«o 

li, ffi;bS?4 5cD«EaHighT'fe5c rffl© 
WS.i3'^&:k(0f^. /Riax=0i:ftt3, fi/hW^x /RminK)^: 

[0 0 0 8] 01 (omm^- hm^^^^s oim^ii 
Ktims.mw^&W' 3 0 e. (oxtimmmmc i; t y * 

Gxy=Glxy+G2xy, Gyx=Glyx+G2yx 
[0 0 10] 01©y-hK9-('/'?2 Sli^'-hm^-^ 
^g|52 4*^&(D1 8^i(D^|^*»X-r7^®y-m^(G 
xy, Gyx)(x=r, s, t: y=u, v, v)(i(^mt)lC^-oX^ 
n^n 1 8 ffl<D¥##:X-Y >y ^ 3 ~ 2 0 (Sxy, Syx) ^:ir 
yyi-yf^mir^ix=u s. t;y=u, v, w)o 1€»^^7 

[0 0 11] ±m<omBmi\^^tnf. c2tj;-pT04 

^'v^Sup, Svp, Swpi;, A;b«/h'BffifflA^?>ai^)=&ffi 
'\<5D>T-::^lR];^-l''yf-Snu, Snv, Snwli^tC:tV?-<i:5o 

li, GUC-fc-^TSup, Svp, Swp, Snu, Snv, Sm^^tyt 
G2tcJ;oTSup, Svp, Swp, Snu> Snv, Siw%:tV 

L/Tt, Sup, Svp, Swp, Snu, Snv, Snwtlii@6/W7X 

mat)^x<^^^rcif)mMi^^j^^\ t^t>^^ sup, Svp, 

Swp, Snu, Snv, Snw^^fc^j-VLTfe, jl^Sltet^ 

^S:{??:&V\ mil. Syp, Sny(y=u, v, w);&#lc:ty 

«, Jl^£03yhP— 7 2 3*^e.^DGl^ci•pTPWM■9■ 
-1'^P3^'/'^-^^ielJffllbT^a:^)bTO^:*5^^^:, ta^j 
y)fi(y=u, V, w)lC-9--v^«ff3!)^^^-rS*V Syp, Sny® 

T'y^icx-oxwtxtMo mmm^m?wMv--f^ 

LT, G2(3Dft^l^J;-pTSup, Svp, Swp, Snu, Snv, Snw 

T, ^r-^C[)@^^tC^-pTV^S«}Sit«Sup, Svp, Sw 
p, Snu, Snv, Snw®4'©HO%SSbTX*ffilk:}!Rt^ 
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*-h##G2xy, G2yx(x=r, s, t: y=u, v, w) (G2i:IIIS 

t)^imLxiiiti-r^o m3immf-hm^^^ 

5 0(Dm^MX$>^o 5 1 , 5 2, 5 3, 5 4, 5 5, 
5Qli'<y/'i—$iX^^o G2xy=ic0^, Sxy^jj-Vb, G 
2yx=ltD^Syx^;i->''f 5(x=r, s, t; y=u, v, w)„ G2yx 
(x=r, s, t)tJ;-pTtli:^yffl*^e>H|iA;'3«ffi®4'tg 

X-^ y^iSyft^t)^yi-yt^(y=a. v, w)o C2xy(x= 

r, s, t)\c^-ox^mxtinB<D^\cm4^mKtf^^x 

^7^(Snyi:af)^;tvr5(y=u, v, w)o Xf3(0=.m 

<D'pxKf}m.±ns.mtKtim4^mms^9\-<oxijm^ 

[0 0 0 9] 0 1 (OY- 4 aCO^tC J; 

?)Glxy, Glyxi:G2xy, GZyx^HSfP^^-n^'nGxy, Gyx 
(x=r, s, t: y=u, v, v)tVXmtl-r^o 

(x=r, s, t; y=u, V, w) (1) 

mmmmm-kc-cy.'^-'SKomjSiismtmm. hhj^ 

[0 0 12] 0 5{i*^^©SlfiS0!l2(DPWM-9--r^'a 
3 y/^-^(Dm^(M 2 T-ti*BS(M= 3 ) ^^-TT'P 7 ^ 

SfigHT'S^o 0^c:^5V^TlSIC^^a^^<:^iT•^5PI»^IRl- 
n^^mMmim^'^v&-r^o m 5 1 - 2 2 1 
2 5{i0i t<om^. 1 1 o~i 1 sitm8t<Dmux' 
feSo nvhP-^2 earn n 

30 y h p-5 2 3 i:©lRHifci8ffl<0M-:?JiRi;^'C -y ^^^JSS 

/^l 1 Ok:i-3T?5iR3nSo ateS^^^a&oTPWM 
^vJuy/^-^^mWiir^m-Bicii. nvhP-^ 
2 6lcJ;-pT$-risltil:bfflli:g;^$ns>t:^l^X-i'«y^ 

Ltcmmm.m<ommzM-^^^xxtim&^m^mwi^ 

T, Sup, Svp, Swpt, Snu, Snv, Smit^yiryt:^^ c 
40 n*-"?) A t^tcSup, Svp, Swp, Snu, Snv, SnwU^<D 

i^i5\aiX'<yf-^'^^'^tyr^o :k(omM^i~W^M\<o 

MWiW^tnUXh^o Sup, Svp, Swp, Snu, Snv, Snw 
7b^:i-y i:ft5*^e.ftM««t*^-lf P i:ft^ ^TOF^t, A 

lRlX'r'y^©K?!R^^'5«5'S*^fe5o ^-^^^ttt, * 
t^m.9i(D}nys\^X-^yi^^^ylyX. At^JcKSitTt 

[0 0 13] ±xE©IISSfi«J 1 ^3<fctfllfli[0iJ2t?{i, tie* 
<!5ai:^j5®KlHlKi 2 0>&St3-5*J«S*^ft<, PWM-9-1' 
50 i7pay/^-^%jg»T-r'5iitx m^3«i!il{*:*:^<*5.ft 
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CO 0 1 4] ±m(ommm i ^i:ifmmzxit. pw 

w)o 

[0 0 15] ±x&omm.m i ^infrnmizx-it. pw 

fc^oTV^Sx^;l/:¥;-(^x^tBSt-)3b^Sup. Svp. Sw 
p, Snu, Snv. Sm^mALT PWUV--^ 

(0Xi3Wc^M.'7^yy-{)\^^2(DVT^h)VQU 62. 6 
3<DV7'>^y7.f)'^=iyi'y^6A. 65. 66<D+-V/^v'^ 

y+)-64. 65. 66(0«ffi*^iS<*t). 
y-9-©«JIfe-i^lciiS<^0. *^SttX-Y7^3~2 0 

^tiBBr^Sup. Svp. Swp. Snu. Snv. Snwfclt^^i-vr 

aiSi©:^riRi i: pl?^lRI<oM■:l^l^ox^' 7 V L/T 

[0 0 16] 07a*^a^(DllSSM3©PWM-9--f'^'P 
3 ©;gfi8(0IJ 3 -^ttfiStM = 3 ) ^g^f^O 7 ^ 

igfiRST'SS. IISSWl3«O«lfi!c{illfi60iJ2i:S*eg»c|Rl 
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C. ^9€){i|lieiEM3<D«EE«iaj|lKl 1 7©ai:/3€^ 
omayyti-'yZilcXtit^ctX&^o avho 
-5 2 7 tia^lKO^-^t (i. SISSfiJiJ 2 <03 y h D- 
52 6iii5iati8<@<o>i-:^r(B];^-r-y^^Sij®L. jg^-r 
Sii^fiifi, $-f|IMe!l2®ayhP-5 2 6i:lRHIIfc 
Sup. Svp. Swp. Snu. Snv. Smfcif^:^yt^m^'e- 
Ki:U ^i«EXf-y'?©3>'x>'^l 1 6<D«E*^3&Sig 
afi(±a&*^t>fce.^ 07fi:^-r«J:5*®^-Ki:U 
$ fc 3 ^^-y- 1 1 6 <D«E*^S 5 gA«T t ^ff-otc 

K^^(?g^T^-^2i(D^x;?^^»fi^fl5tc=ffl 

llfigM3(0:^jS(i3?gii'7'C:y7'r;i/^2(D3 
y-r:/-9-64, 65. 66i:SiS;^-^-'''?©3Vr:/-9- 1 i 6% 

[00 17] 

pwM-9-i'i'o=3y/'?-t5':&iifft-s^. ffl:^{ifc-y-- 
[0®©®#^iJjB^] 

[0 1 ] *%B^©||fiE0IJ 1 (DHiB/=ffi P WM-9--r P 
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